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INTRODUCTION
Water supplies in the Piedmont physiographic province ( fig. 1 ) of northern Georgia are obtained from surface-water reservoirs and streams, springs, and supply wells. Droughts of recent years (1981, 1986, and 1988) have resulted in water-supply problems such as low streamflow and spring discharge, low reservoir levels, declining well yields, dry wells, and deterioration of streamwater quality. These problems have caused concern over the adequacy of existing water supplies to meet future needs. Until recently, there was little information available on the capability of springs to sustain and supply large yields in the Piedmont physiographic province of Georgia.
Two springs in the town of Social Circle, Walton County, Ga., are being considered by the county as sources of water for a public water-supply system. Important considerations in determining the adequacy of a water supply are the amount of recharge available to supply wells and springs, and the maximum pumping rate that a well or spring can sustain (maximum sustained yield) without drawing the water level below the pump intake. Determination of the maximum sustained yield is based on the available drawdown, which is the amount of water-level decline that a well or a spring can sustain without breaking pump suction.
The U.S. Geological Survey, in cooperation with Walton County, conducted a study to evaluate the geohydrologic setting, recharge, and maximum sustained yield of two springs at Social Circle, Ga. As part of this study, the U.S. Geological Survey conducted short-term (25-hour) aquifer tests in each of the springs during December 5-8, 1988 . Data collected during this study can be used to determine whether springs in the Piedmont physiographic province are capable of supplying and sustaining large yields.
Purpose and Scope
The purpose of this report is to describe the geohydrologic setting, the estimated recharge, and the results of aquifer tests of two springs in the Piedmont physiographic province of Georgia. Data collected during this study include an inventory of site characteristics such as determination of drainage area and geologic characteristics, and the collection and analysis of data from two aquifer tests performed during December 5-8, 1988 .
Description of Study Area
The study area is entirely within the town of Social Circle in the southern tip of Walton County ( fig. 1 ). Social Circle is on the drainage divide between the Ocmulgee and Oconee River basins, and the two springs are in the headwaters of the Little River, which is a tributary of the Oconee River.
GEOHYDROLOGIC SETTING
Social Circle lies entirely in the Piedmont physiographic province of Georgia ( fig. 1 ). The area is underlain by a complex of metamorphosed plutonic, volcanic, and sedimentary rocks. Radtke and others (1986) grouped the rocks underlying the Social Circle area into a single unit (unit A),which generally consists of amphibolite interlayered with muscovite-biotite schist and a variety of biotite gneisses.
Ground water in the Social Circle area occurs in the regolith and in joints, fractures, bedding planes, or other secondary openings in the bedrock. Regolith is the unconsolidated material that is present nearly everywhere as a layer on top of the bedrock, that is composed of soil, saprolite, and stream alluvium. Saprolite is clay-rich, residual material derived from in-place weathering of the bedrock. The largest volume of ground water in the Piedmont is stored in the regolith, which replenishes or recharges the openings in the bedrock. The amount of water available to wells or springs depends on the thickness and character of the regolith, the volume, and the degree of connection between secondary openings in the bedrock, and the amount of available recharge.
Ground-water levels in the Piedmont are affected mainly by precipitation and evapotranspiration. During 1941-70, average annual precipitation in the Social Circle area was about 48 in/yr and overland runoff was about 14 to 16 in/yr (Carter and Stiles, 1983) . Statewide, Carter and Stiles (1983) estimated about 12 percent, or 6 in/yr of annual precipitation goes to recharge the ground-water flow system. In the Piedmont physiographic province, ground-water recharge rates were estimated for the upper Flint River basin at Culloden, which is about 70 mi southwest of the study area ( fig. 1 ). According to G.C. Mayer (U.S. Geological Survey, oral commun., 1988), ground-water recharge rates in that area, as estimated by the Rorabaugh-Daniel method (Daniel, 1976) of hydrograph separation, range from 4.7 in/yr during an average dry year (1941) to 8.8 in/yr during an average wet year (1949) , an average of 6.5 in/yr.
SPRING CHARACTERISTICS
The two springs in Social Circle (the upper spring and the lower spring, fig. 1 ) supplied water to a cotton mill from the early 1900's until the mill closed in 1983. At the time the mill closed, the springs supplied about 40,000 gal/d (G.A. Doonan, U.S. Geological Survey, oral commun., 1988) . The springs are in a small stream valley adjacent to the abandoned cotton mill and east of Georgia Route 11 in Social Circle ( fig. 1 ).
The altitude of the upper spring reservoir is about 830 ft above sea level, and the altitude of the lower spring reservoir is about 800 ft above sea level. The maximum altitude of the surrounding area is about 880 ft above sea level. It is likely that the surface-water drainage basin of the springs corresponds to the catchment area for recharge to the springs ( fig. 1 ). Water-level data collected at the lower spring during January-March 1989 indicates a pronounced and immediate response to rainfall ( fig. 2 ). Rainfall caused the water level in the lower spring to rise (as indicated by "spikes" on the hydrograph) by as much as 0.22 ft over a 24-hr period. This rapid response to rainfall and the shallow depth of both springs (21 ft and 13 ft, respectively) indicate that the springs generally are under water-table conditions, and that the surface-water drainage basin probably provides most of the recharge to the two springs. The drainage area of the stream valley upgradient of the lower spring is about 0.18 mi , which indicates that there is little catchment area for ground-water recharge to both springs ( fig. 1 ). However, local residents report that the springs have not gone dry since the spring reservoirs were constructed in the early 1900's. If all ground-water recharge in the drainage basin could be captured and withdrawn at the springs, then the potential yield of the drainage basin could be calculated from the recharge rate, and the drainage area by using the following equation O = RxDx47,600 where Q = the discharge rate in gallons per day, R = the recharge rate in inches per year, and D = the drainage area in square miles.
The constant 47,600 converts to desired units. Substituting an estimated annual recharge of 6.5 in and a drainage area of 0.18 mi , gives a discharge rate of 55,690 gal/d (39 gal/min). This value represents the maximum yield from both springs that could be sustained without exceeding the recharge to the aquifer. Discharge rates may be higher during wet seasons and lower during dry seasons. For example, a recharge rate of 4.7 in/yr during an average dry year would result in a potential yield of 40,270 gal/d (28 gal/min); a recharge rate of 8.8 in/yr during an average wet year would result in a potential yield of 75,400 gal/d (52 gal/min). During 1988, rainfall was below normal; thus, it is likely that the potential yield of the two springs ranged between 40,270 and 55,690 gal/d.
Each spring is enclosed in a spring house that includes a large reservoir area. The estimated reservoir capacities are 21,000 gal for the lower spring and 18,000 gal for the upper spring. The approximate dimensions of each spring reservoir are shown in figures 3 and 4.
The reservoir for the lower spring is 16 ft wide and 16 ft long, and about 13 ft deep ( fig. 3 ). Overlying the bedrock is about 7 ft of regolith, which is retained by a concrete wall. About 6 ft of the underlying schistose bedrock is exposed in the bottom of the reservoir. The opening in the bedrock gradually tapers from a width of about 14 ft at a depth of 6 ft to about 12 ft at the deepest point (13 ft). Water was observed flowing into the lower spring through bedding planes in the schist when the reservoir was nearly emptied by pumping during aquifer testing. There was no natural discharge from the lower spring at the time of the tests because its static (nonpumping) water level was below the top of the reservoir and land surface, and because there are no overflow pipes. On December 5, 1988, the static water level of the spring was about 4.8 ft below land surface. Allowing 1 ft at the bottom of the reservoir for pump intake, there was about 7 ft of available drawdown in the spring reservoir.
The reservoir for the upper spring is 11 ft wide by 20 ft long, and it ranges in depth from 10 to 11 ft ( fig. 4) . The reservoir bottom slopes toward a small, box-like opening in the northeast corner of the reservoir. The box-like structure is 3.5 ft by 3.5 ft, and about 10 ft deeper than the main reservoir. Water enters the upper reservoir through the box-like structure, which is exposed to bedrock along its bottom. Water that flows into this box-like structure is discharged from the reservoir, through an overflow pipe and through a crack in the side of the reservoir which are 1 ft and 2 ft below the top of the reservoir, respectively. Water also can flow from the spring through a siphon pipe that leads to another reservoir that is about 1,200 ft downgradient and adjacent to the lower spring. The volume of the downgradient reservoir is unknown; water that overflows from the downgradient reservoir discharges into an adjacent creek. On September 27, 1988, the overflow was estimated to be about 10 gal/min. Prior to the December testing by the U.S. Geological Survey, flow through the siphon from the upper spring was shut off. On December 6, 1988, the discharge from the upper spring through the crack in the side of the reservoir was measured at 12 gal/min. After this discharge measurement, the crack was sealed and the water level was allowed to rise. Later that day, the water level had risen about 1 ft and the spring was discharging through the overflow pipe. The static water level could not be measured owing to the low height of the reservoir. By using the level of the overflow pipe as an upper limit (1 ft below top of reservoir) and allowing 1 ft at the bottom of the box-like structure for the pump intake, the maximum available drawdown in the spring reservoir was about 19 ft during the aquifer test.
The quality of water from each spring was tested by the Georgia Environmental Protection Division in May 1988, and was found to be suitable for most uses (table 1) . Constituent concentrations in water from each spring were within State and Federal drinking water standards (Georgia Department of Natural Resources, 1977; U.S. Environmental Protection Agency, 1986a; 1986b) . In addition, water samples analyzed for coliform bacteria in June 1988 by the Georgia Department of Agriculture were found to meet drinking water standards (none were detected).
A program to monitor the quality of water withdrawn from the springs would be desirable because of the spring's susceptibility to potential contamination from land-surface sources. A spill of toxic chemicals along the railroad line, which is located immediately upgradient of the stream valley, or elsewhere in the vicinity of the springs potentially could contaminate the springs. 
AQUIFER TESTS
Aquifer tests of the two springs were conducted during December 5-8, 1988. It was assumed that the springs would respond to pumping as do bored wells that have been tested in the Piedmont. Therefore, the springs were treated as if they were large-diameter wells and stepdrawdown tests of spring productivity were conducted.
It is important to note that yields from the two springs can vary seasonally, and that the tests reflect the climatic and hydrologic conditions at the time of the tests (December 1988). In the Piedmont province, yields generally are lower during dry periods, such as the recent drought during summer 1988. Other conditions, such as interference from nearby pumped wells or the diversion of surface drainage and subsequent loss of recharge may lower the maximum sustained yield of a well or a spring. Continuously monitoring the water level in a pumped well or spring allows for the determination of whether the available drawdown is being depleted, and it provides the data needed to make adjustments to the pumping rate or the pumping schedule to maintain the optimum yield and water level.
Continuous water-level recorders were installed at each spring, and were monitored for several days prior to the tests to determine whether interferences were present that might affect water levels. Turlington and others (1987, p. 98) reported no major ground-water users in the Social Circle area, so pumping effects were not anticipated. No interferences were observed during the pumping period or during a 3-month period following the tests ( fig. 2 ).
During pumping of each spring, water levels were monitored in the other spring reservoir to determine if the two were hydraulically connected. No connection was observed between the springs, although this may be owing to the tests being too short in duration for effects of interference to be observed. Because of the proximity of the two springs in the relatively small drainage basin, some hydraulic connection and drawdown interference might reasonably be expected during extended periods of pumping. If the springs are hydraulically connected, the effects of drawdown interference would be greatest when both springs are pumped at the same time. Water pumped from each spring was discharged downgradient of the spring into the intermittent stream running through the valley. Hourly discharge rates were estimated by using a 5-gal bucket and a stopwatch. Pumping rates were monitored continuously because the discharge rate decreased as water levels in the spring reservoir decreased. The pumping rate was adjusted, as necessary, by throttling the pump motor.
Hydrologic Conditions at Time of Aquifer Tests
Aquifer tests of the springs at Social Circle were conducted in December 1988, near the end of a very dry year in Georgia. On the basis of rainfall records for the National Weather Service station at Athens, about 30 mi northeast of Social Circle, the rainfall deficit at the time of the tests was about 15 in. for 1988, and about 75 in. for the period 1979-88 ( fig. 5) . Rainfall was deficient throughout most of 1988 although monthly rainfall totals for September and November were slightly above normal. fig. 1) . Ground-water levels in the 185-ft-deep well generally are highest in the spring and lowest in the fall. With the exception of a rise during late 1986 to early 1987, the water level in the well generally declined during 1984-88, which corresponded to a period of below normal rainfall. The annual water-level fluctuation in well 19HH12 ranged from 2 to 5 ft during the same period. In December 1988, the water level in well 19HH12 was slightly higher than the water level recorded in September 1988. It is likely that water-level fluctuations and trends in the Social Circle area prior to and during the time that the aquifer tests were performed, were similar to those in well 19HH12.
Streamflows in the Piedmont generally were below normal during 1988. The Flint River at the gage near Culloden, about 70 mi southwest of Social Circle, is representative of streams in the central part of the State ( fig. 1 ). Streamflows were below normal during much of 1988, and were near the previous minimum for the season during the last several days of December 1988.
Lower Spring Test
The first aquifer test was conducted on the lower spring from December 5-7, 1988 (fig. 6 ). A centrifugal pump was installed on the spring and the spring was pumped at rates ranging from 60 to 160 gal/min.
The lower spring initially was pumped at about 160 gal/min for 5 min, but then the pump was turned off because of a mechanical problem. During the first 5 min of pumping, the water level declined about 0.42 ft. The pump remained off for an hour, during which time the water level recovered 0.27 ft. The pump then was restarted (65 min into the test) and the spring was pumped at a rate of 120 gal/min for about 115 min. At the end of that time (185 min into test), the drawdown was about 4.4 ft, which was about 63 percent of the 7 ft of available drawdown. Because the rate of drawdown at this point was considered excessive, the pumping rate was reduced to about 60 gal/min. The water level began to recover immediately at this pumping rate, and within 60 min (240 min into test) it seemed to stabilize at 8.8 ft below land surface (4.0 ft of drawdown, 57 percent of total available drawdown). The pumping rate was then increased to 94 gal/min. The water level again began to decline, but at a much slower rate than previously. At 420 min into the test, the water level declined an additional 1.2 ft, making the drawdown 5.2 ft or 74 percent of the available drawdown. The rate of decline continued to decrease, and at 1,460 min into the test, the water level was 11.2 ft below land surface, making the drawdown 6.4 ft or 91 percent of the available drawdown. At this point, the water level continued to decline slowly. A semilog arithmic plot of the rate of drawdown at this point indicated that the 7 ft of available drawdown might have been reached about 3,500 min into the test (fig. 7) . When pumping was discontinued at 1,460 min, the water level in the spring began to recover immediately ( fig. 6 ). The lower spring initially showed a relatively rapid recovery. Sixty minutes after pumping was discontinued, the water level had recovered about 53 percent and was 7.8 ft below land surface. Two hundred and forty minutes after pumping was discontinued, the water level was 5.5 ft below land surface, representing a recovery of about 89 percent. During the next 3,240 min, the water level recovered to 4.9 ft below land surface (98 percent recovery) ( fig. 6 ) and remained at that level for 19 days until rainfall produced a rise of 0.08 ft (fig. 2) . The water level continued to recover following each period of rainfall, and it fully recovered to 4.8 ft after about 27 days after pumping ceased. The slow rate of recovery of the lower spring for the last 11 percent of drawdown (0.7 ft), may indicate (1) a water-level decline due to below-normal rainfall, (2) that pumping from the upper spring, which began about 1 hr after pumping was discontinued at the lower spring, intercepted recharge to the lower spring, or (3) that some water was removed from ground-water storage during the aquifer tests.
The maximum sustained yield of the lower spring probably ranges between 60 and 94 gal/min under the hydrologic conditions at the time of the test. This yield is based on the apparent stabilization of drawdown at 60 gal/min (240 min into the test) and the nearly stable drawdown at 94 gal/min (1,460 min into the test).
Upper Spring Test
The upper spring was tested from December 6-8, 1988 (fig. 6 ). For the first 597 min of the test, the spring was pumped at rates ranging from 44 to 50 gal/min. At the end of this period, the drawdown was 7.8 ft or 41 percent of the available drawdown (19 ft). The pumping rate then was increased, and the spring was pumped at rates ranging from 71 to 83 gal/min for 70 min. At the end of this period (667 min into the test) the water level had been drawn down 10.4 ft or 55 percent of the available drawdown. At this water level, the upper reservoir was drained completely and water was contained only in the box-like structure (fig. 4) . Because the rate of drawdown at this point was considered excessive, the pumping rate was reduced to rates between 45 and 50 gal/min, which slowed but did not stop the rate of drawdown within the box-like structure.
At 772 min into the test, the drawdown was 13.4 ft or 70 percent of the available drawdown. At this point, the pumping rate was reduced to 34 gal/min to avoid excessive drawdown and possible loss of pump suction. This decrease in pumping rate resulted in a water-level recovery of 1.6 ft within 180 min. At 1,102 min into the test, the water level had stabilized at 13.4 ft below land surface (11.7 ft of drawdown, 62 percent of available drawdown). The water level remained stable until 1,312 min into the test when the pumping rate was increased to rates ranging from 53 to 62 gal/min, which resulted in additional drawdown. At 1,407 min into the test, the total drawdown was 14.1 ft or 74 percent of the available drawdown. The spring then was pumped at 40 gal/min for the next 15 min, which resulted in an apparent stabilization of the water level. The pumping rate then was increased to rates ranging from 44 to 68 gal/min, which resulted in an additional water-level decline. At 1,528 minutes into the test, the total drawdown was 16.3 ft or 86 percent of the available drawdown. At 'this point, pumping was discontinued and the water level began to recover.
In this test, the pumping rate at which water levels seemed most stable was 34 gal/min (48,960 gal/d). At that rate, water levels had declined 11.7 ft or 62 percent of the available drawdown. The apparently stable water levels at a pumping rate of 40 gal/min suggest that the maximum sustained yield of the spring may range between 34 and 40 gal/min under hydrologic conditions at the time of the test. The rate of water-level recovery in the upper spring was slower than that in the lower spring. Within the first 60 min, the water level recovered 46 percent to 10.4 ft below land surface. Within 240 min, the spring recovered 64 percent to 7.9 ft below land surface. The water level in the spring fully recovered within 1,140 min, and water began to flow out the overflow pipe. The change in the slope of the recovery graph at 11 ft in figure 6 is due to the water level rising out of the box-like structure and into the larger reservoir. Because the initial starting static water level of the upper spring is unknown, it is not known if any depletion of ground-water storage occurred as a result of the aquifer test.
Discussion of Test Results
The results of the two short-term aquifer tests indicate that drawdown from sustained pumping rates of 60 to 94 gal/min (86,400 to 135,360 gal/d) at the lower spring and 34 gal/min (48,960 gal/d) at the upper spring would not have exceeded the available drawdown during the December 1988 aquifer tests. However, the two springs were not pumped at the same time, and the extent of long-term interference that might be experienced if both springs were pumped at the same time is unknown. Also, it is possible that the durations of the tests were insufficient for the water levels to fully stabilize.
For these reasons, it is doubtful that a combined pumping rate in excess of the estimated average recharge to the basin (55,690 gal/d) could be sustained for long periods of time. An intermittent pumping schedule would allow for pumping at a higher rate at peak demand periods, and at lower rates during periods of low demand. For example, if the combined pumping rate for both springs was 100 gal/min, then pumping both springs for 9 hrs would yield 54,000 gal, which is near the estimated recharge of the basin.
Continuous monitoring of water levels during production would reveal whether the abovementioned sustained yields over-stress the springs during dry seasons, and whether the pumping rates should be adjusted. It is possible that higher yields could be obtained from the springs during the wet season, which usually is late winter and early spring.
SUMMARY AND CONCLUSIONS
Two short term pumping tests indicate that there is a substantial difference in the water* bearing capabilities of the two springs at Social Circle, Ga. The two springs responded to pumping in a manner similar to bored wells that are common in the Piedmont physiographic province.
The 13-ft-deep lower spring was pumped at rates ranging from 60 to 160 gal/min, and was able to stabilize drawdown at pumping rates ranging 60 to 94 gal/min. The maximum drawdown during the 25-hr test was about 91 percent of the 7 ft of available drawdown. Following pump shutdown, the lower spring initially showed a rapid recovery, and was 89 percent recovered within the first 240 min. Sluggish recovery for the last 11 percent of the drawdown may indicate (1) a water-level decline due to below-normal rainfall, (2) that pumping from the upper spring intercepted recharge to the lower spring, or (3) that some water was removed from ground-water storage during the aquifer tests.
The 21-ft-deep upper spring was pumped at rates ranging from 34 to 83 gal/rnin, and was able to stabilize drawdown at rates ranging from 34 to 40 gal/min. The maximum drawdown during the 25-hr test was about 86 percent of the 19 ft of available drawdown. Following pump shutdown, the upper spring showed a slower recovery than the lower spring. Within the first 240 min, the water level had recovered 64 percent, and within 1,140 min it was fully recovered. Because the actual starting static water level of the upper spring was unknown, it is not known if there was any depletion of ground-water storage as a result of the aquifer test.
Water-level records for the lower spring indicate that it shows a pronounced response to rainfall, and therefore is under water-table conditions. Recharge to the water table upgradient of the lower spring is believed to be limited to a 0.18 mi drainage basin. The estimated groundwater recharge in the Piedmont physiographic province based on records from the Flint River at Culloden, ranges from 4.7 in/yr during an average dry year (1941) to 8.8 in/yr during an average wet year (1949), and averages 6.5 in/yr. The potential yield of the spring's drainage basin was calculated from the estimated recharge rates and from the drainage area. Because rainfall during 1988 largely was below normal, it is likely that the potential yield of the drainage basin ranged between 40,270 and 55,690 gal/d.
